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CHBMICAL COMPOSITION OF MICROIMPURITIES IN JBT FUELS
FROM SULPFUROUS PETROLEUM
. by
V. N, Zrelov, N. I. Marinchenko, et al,

When one uses on aircrafti jet fuels from sulfurocus pefroleums there
results a clogging of th;‘fuol filters and.\gupc in the oconnected parts of
the fuel apparatus in jet engines by microimpurities cf filter ing elements
in the fuel,

Up to the present time when evaluating the _ologging tendency of fuels
the main aﬁtant_if:n bhas been given to tl‘xe qﬁmtitative side of the question,
One studled the change in the content of mioroimpurities in the fuel, as-
timated the sige of t’ﬁeir particles, and determined the filterability of
the fuels [1=3]. .

However, in order to really evaluate the effeot of the microimpurities
of the fuel on the working of the fuel apparatus of the engine it is necesw
sary in the first place to know the chemiocal oomposition of thes impurities,
For fuels obtained from the sulfurous petroleums of the Ural-Volga petro-
leum region of great significance in the formation of mioroimpurities are
the sulfus-orgenic compounds oontained in the fuels,

The chemioal ocomposition of the microimpurities was investigated in the
TS«1 fuels from two refineries over ‘he whole ocourase of <their movement in
the railway tank ocaras to the fusl apparatus of the engines,

The microimpurities were separated from 20 1 of fuel by the centrifugal
process on a supercentrifuge making 30,000 RPK with subsequent separation of
the fuel by vacuum distillation and flushing with isopentane, On the super—
centrifuge there were separated out mioroimpurities the dimensions of which
were grester than {--5 miocrons, Afterwards ths mioroimpurities were dried
out at the temperatures of 20 and 105°C, which made it possidle to gel an
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idea of the oonttnt:in . them or'ltruoturul moisture, The adsolutely dry
mioroimpurities vtr; ;nalytod:for'c, H, 3, and ¥ by the usual methods of
mioroanalysis, After oaloination of the abeolutely dry mioroimpurities
at 500—550°C the element ocomposition of thoirhglp was determined by the
spsotral emis ion method on the ISP-28 speotrograph for 24 elements, The
separation of the mioroimpurities was done with ocommeroial fuels whioh in
their quality fully oorresponded with 00ST 7149-54,

At the sams time there was studied the ohemiosl oomposition of impuri-
ties whioh in the proocess of the filtering of the fuel remained behind in the
mesh and in olo'h filters, They were flushed from the mesh filters with an
aloohol=-bensene mixture, After distilling away the solvent they were dried
and analysed alno just aa the mioroimpmrities sejparated from the fuels,

They were not flusﬁod from the oloth and paper filters but analyzed together
with the filtering material. Along with this filtering material was anal-
yzed of the sax» dimensions, Tha ohewniocal ocontent of the precipitate was
determined by the difference in the amounts obtained fesem the dirty and the
clean filters,

In the microimpurities on some oloth £ilters there was found the oon-~
tent of the orgsnio part by the method of its extraotion with chloroform
in the Soxhlet apparatus into which there were put the pieces of filtering
material oontaining the mioroimpurities,

The charscteristios of the mioroimpurities of the TS={ fusl tranported
from the refineriee in tank cars are presented in Tadle 1, From the data
given one sees that the mioroimpurities of the fuel oonsist of three compo-
ments-—ash ele:snts, organic tar part, and "struotural moisture.,* In trans-
porting the fusls on the railroad the mioroimpurities inorease through ash

addition with a small oontent of water and tars,
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Tadle 1

Notes: 1, Bay, Ti, Cr, Ni, Mn,

sy Pb, Sn, and Cu are present

Refin~ Refine in small quantities,
3 axy 1| ery II
Item 2, Be, Bi, V, Mo, Co, Ag,

Aver~ | Aver Res~ | P, Cd, and Sb are abasent.
age age -
speci~| speoi-~| due 3. The given notations
men nen hold good for the following

' tables,

Weight of air~dried

mioroimpurities, 4, The residus amounts

g/t ¢ o &« o s 1.55 600 155 to 5% “ th. 'hOlO ‘mwnt

of fuel,
(faight of absolutely

dry mioroimpurities,

AR 1.49 544 108 The ash content of these
Moisture of mioroim~ mioroimpurities in the residue

purities, %. . . 9.63 10.4 6.2

reaches almost 82%, They
Ash ocontent of abso-
lutely dry mioro- basioally oonsists of the prod-
impurities, %. . |62.86 | 59.5 81.9
- uots of oorrosion of the iron,
Element ocmposition

of abao) tely dry As to products oontaining sul=

microimpurities,

%: fur they are very soarce,
Covv v v v « + s 127,94 | 30.08 8.63 | Compounds of nitrogen are absent.
H oo o oo oo o v s o | 560 6.95 U The mioroimpurities found
2 TR S TR R R R S 0.8 0.38 0.15 | 4n the fuel in the suspension
‘ only a
N v e v oo oo e e o | 097 0.59 | trace |gtate are enriched by sulfure
O + v v e e e e e e 129097 5.4 53.38 |ous and nitrous oompounds,

Foae o s o o o o s o 0 6.2% 8.6 33.0 |The amount of sulfur in them
Sio v ® e e ® e e s . 1105 5'6 1'12 80.. as high as 0.38—0084%
Ca . + o o o o o v o ol 43 2,3 0.04 the amount of nitrogen 0,28
Mg« « o o o oo o o o | bebl 0.95 0.25 |0,59%,  These mioroimpurities
*1 L] . 3 [} [ . . . . . 008? 0058 g;og oont‘in mor‘ t‘r produot. u‘d
Al-
Nae ¢ ¢ ¢ ¢ o o ¢ o 1.27 0.88 due water, Among the ash elements ‘

admixtures of mineral origin oontaining oompounds of Si, Ca, Mg, and Al ocou-

py an important plaoce,
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The incrsases in the mioroimpurities sontsined in the fuel of the amcunt

of the organio=tar part and sulfur causes the microimpurities to remain in
suspension and impedes their precipitation from the fuei,

After emptying from the railroad tank cars the fuels wnder warehouse
conditions are put through a settling process and filtration through mesh
und oloth filters., On the airplanes the fuels are aiso filtered through
mesh and paper filters with a high degree of filtering, Through this the
quantitity of mioroimpurities in the fuels is diminished.,

As & result of .the study of the residue and filtraztion of the fuels it
was sstablished that the purification of the fuels depenis on the s’ze of
the particles of impurities contained in the fuel, Research of the effect
of the chemiocal ecmposition of the mioroimpurities on the process of their
settling and filtration from the fuels was aot done,

The date of the ohange in the amsunt and oomposition of the mioroimpuri-
ties in the TS={ fuel in tho process of its sedimentation ard filtration in
the oombustible stcrage and on the airplane 2rs given in Tadles 2 and 3.
From the data presented it is seen that in the process of sedimentation and
filtration of ths fuel there iz s sharp deorease in it of the amount of come
pounds oontaining sulfur and nitrogen,

In the TS=1 fuel of >efinery _ I the amount of sulfur is brought down
to one fourth, and at refinery II to one fifth, The amount of nitrogen is
lowered, respectively, by factors of 2,7 and 2, There iz & decrease also
in the microinpurities of the amount of ash slementis.

In Tadle 4§ thers are presented the characteristics of tae sediments
takksn from the reservoirs and fuel tank aafter keeping fuel in them under
oconditions of storage. [From the data presented it foliows that in the set-
tling there are separated out deposiis enriched by the ashes of elements

with a small quantity of wstor'and tarrr substances, Tha content of ash in
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the sediment amounts to B0—84% and moisturs T-—35%

is very little sulfur and nitrogen,

In the sediment there

The basic components of the sedimsnts

prove to be products o f
the corrosion of the Fe
and mineral sdmixtures

containing compounds

Tadble 2
l Fuel from relinery 11
i
From |From dis. | After
B, R.|tributing |air-
Iten tank |storage plane
cars | $ilter-—
 ing
Weight of air—dried mioro- 3 {
impurities g/t , . . . . | 6.0 2,42 | 1,58
Weigat of absolutely dry
mioroimpurities, g/%. . | 5.4 | 2.0 1.13
Moisture of miocroimpuri- i
ties, % . . . . . . . 110.4 13.6 28.55
Ash content of abaolute;?
dry mioroimpurities, £59.5 60.98 | 54.5
Element oomposition of &b~
solutely dry microimpuri
% ities, %1
icotooooo:ooonoBOooe 1!&021 17094
300000100-00-06095 15051 6.08
S . [ ] * ] . . * . [ ] . * . [ ] 0038 0013 0007
Nooont.oo‘oooo 0059 0055 0025
OtocoooooooooossoL 2905 30.86
Feocootoouoouo 806 3104 1900
Si L J * . * L . L] L] . * L] £l 5'6 405 608
!C&oootuc-.aooo 203 111 3.82
% M L ] L] [ 4 L 14 . * . L4 [ ] L ] 0!95 0092 2.6
!Alqoo'ooso-ooo 0-58 0028 0051
g N" [ L ] [ ] * L 4 [ » t o L] * » 0088 0’62 0055

tically not ocaught by the
trogen in the sediment is

drous material is ocaught

FTD=TT=64=392/1

nesh of the filters,

The

Of Si, C&, a-nd L‘go In“'

ztn the sediment also go
_compounds of Zn and Pb,
! The micre impuri-
|ties of the TS-1 fuel
which havs compounds
containing sulfur and
nitrogen are separated
out in the sedimnt in
lesser quantities.

An analysis of the
precipitate accumulated
on the meshes of storage
and airplane filters
is given in Table 5.

It is seen that the impu-
vity of the T8=1 fuel,

which econtains sulfur=or—

ganic compounds is prao-

increased amount of ni-

conneoted with the fact that on mesh fiiters i~

in greater quantities, such material getting into

\n




Tabdble 3 Table 4
Fusl from refimexy I Sediment
From From After From | From sed+
R. R, aim= air- rez- | iment of
Item tank plare Dlanc Iten er- | s8upply
oars res~ 1tTilter- voir | tank
exr- ing
voir Weight of air-dried
deposit, g/t . . 4.6 2.0
Moisture of mioroe
. impurities, % 9.63 9.0 17.8 |Weight of absolutely
| dry deposit, g/t | 13.0| 1.84
Ash content of ab- !
solutely dry mi- Moisture of sedi~
oroimpurities, % 62,86 67.2 69.6 ment, c e e | 7.0 77
|
i Elezoent oomposition Ash content of ab=
l of adbsolutely solitely dry sed-
; dry mioroimpuri- iment, %. . . . 9.5 | 84.1
| tiew, %
g Element ceontent of
C v v v s o o o o 27,84 19.33 23.19 absolutely dry
; deposit, %: |
SE.-voen-oooStél 5050 501
Conoooeo:o 7054 12092
s [ ] * L ] [ J L] 3 L d . L] L o.& 0058 0.22
S e o s v e e e 0.2, 0.1
R * * e 3 + & & v 3 & 0598 0043 Oo36
Huoat.oooe 3002 7052
0 * * e ¢ & ¢ o 0 @ 029093 37028 43002
Nuooooooto 0023 Oo27
FO o e ¢ *+ o 8 ¥ & » 6028 8051 2.85
00000;00.. M.95 18.12
Si e 9 & & o t e« 01105 1601 11-«3
; FQ s ¢ & o+ o o o ¢ ! 3501 4504
! Ca /., T T T T L3 001&5 2.85 ;
% S4 ... e 1.9 | 12.2
!MS e * & 2 8 € ¢ oo 10061'4 1.98 3.“
; Ca v v v v v o o 0.8 2.35
' A.l s ¢ 9 ¢ e 2 & o 0.82 3'96 3.8 !
| Mgoooooo.v 00108 1c22
N. . ¢ L] ] [ ] [ 2 . [ ] 1037 10& 0913 )]
n.....a.. 0054 008\4
- Resi-
N&ooo’oo.o due 0¢7l'¢
Zn,....-.. 104 107
PO, ¢ e e e v e 1.82 | 2,86

f

| _ -

the fuel in oleaning the tank as & result of the partial breakdoigﬁbf the

[
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ta of tha antorage filters.

— =

Tadble 6

For thie reason the ash

L

Item

Sediment from
mesh filters

Moisture of sediment, %

Ash content of absolute-
ly dry sedimant, %

Element ocontent of ab-—
sol te;? dry sedi-
ment, %s

C ® L4 . - * [ ] L . * * L] .

II L ) ° L) L L] * * > . L] * .

0 @€ % 3 &6 9+ o ¢ s & e o+ o
FQ ® 8 & ¢ o & ° e s o ?
Si e & 8 ¢ o ¢ ¥ & o o o

Caooooooaocoo

Al ] L L] . [ ] L ] . L] L] [ ) *

Na

LN ] L ] . . L [ ] > Ld * *

Stor-| Air-
age |plane
5.35] 2.5
58.43| 48.65
20.52 31.79
£.29| 6.19
0.5} 0.12
0.62| 0.84
29.31 | 2:.25
29.2 4455
5.65 110.8
2.2 0.74
0.7 5.01
0.58 | 8.2
0.98 | 0.5
1.72 | 2.92

Organio
tar
part of
abBO=
lutely
dry sed~-

iment, %

Hoie~
ture
of
de~
pos~—

'z

Storage fabdric
1st step of filtration

ditto

© L4 L] L4 L * L] * L

* * L] L] . . * L4 L]

ditto

2nd stap of filtration

ditto ¢« ¢ ¢ o o 0 0.
Airplane paper

After 5 hrs, work, , .

it 9 " L . o e

1] 1 1 " 11}

¢ » ]

75.09
85.35
84,11
81.54
90.29

82.46
87.19

3.89
8.03
5C.3

15.21

32,3

3.74

6.57

89095

2.8

fabvrio filtering Jjacketr of the storags filters,

Tadble T

Element composition of tars,%
Filtration
c B S N
1st step {70.76110.7513.34 | 1.05
ditte 70.08|14.3611.84 | 0.70
2nd step (70.21{10.90|1.76 {0.71
ditto 71.0911C.31 1.21 {0.60

0
15.1
14.02
16.42]
16.7

For this reason the ash con=-

tent of the deposits on the mesh filters is not great and smounte to 48—=58%,

0f the ash ocompoments the mesh filters hold back mainly coarse particles of

impurities in the T8=1 fuel, ocnsisting of the productes of ocorrcsion of steel

and zino surfaces of the storage equirment and including particles of silicon

FID=TT=64=392/1




and other mineral admixturas.

From the data ocbtained it is seen that the mioroimpurities of the TS-1
fuel impregnated with compounds ocontaining sulfur are hardly held back by the
mesh filters,

The basioc mess of microimpuritiee of the TS—1 fuels, s=turated with the
organic=tar part, are taken out by the storage fabrioc fiiters and the air-
plane psper filters (Table 6), The storage rilters are clogged by miocroim=-
purities when the content in them of tar amounts to 75-=-90%  The airplane
paper filters ara olncked dy miorcimpurities wher the content in them of tars
reaches 82~89%, and the longer the work lasts the more the tar content in the
deposit on the paper filters will be,

For determining the content of ‘the basic component of the depesiis on
the fabdrioc filters in the siorage places the organic tarry part was extracted
from them by chloroform. In Table 7 there is shown the slement content
of the tars sxtracted from the siorage fabric filters,

From the dats odbizinesd it follows that along with the oxygen compounds
in the devosits <there iz a oonsiderabls amount of compounds containing sul-
fur end nitrogen,

The amount of ocontents containing sulfur in the depostita on the fabric
filters resches 20-35% (from the scompuiaticn for ths averags moleculs of
deposit), The great amocunt of oxygen in the deporit {up 4o 34 atoms per
averags moleouls) is svidence of the fact that the sulfur-organle osmpounds
reld Back by the fabrio filters ars presen? basiocaliy in the fora of oxidized
products.

Thus the deorsase in $he compounds conlsindng sulfur in the minroimpuris
ties of the TS«1 fusls in thelr ¢ransportation, setiling, and filtraiion, ve~
gulte from the removal of this group of piorvimpurities from the fusla on

the fabrio and paper filisrs. Conmaquerntly tha miorcimpuriiies gaturstl

FTDeTT~64-392/4
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slegeing of the atoraze fabric filters
and the airplane paper filters,
Conolusions

1, The micreimpurities of the jet fuels frcm sulfurous petroleums con-
8i3t of ash elsments, tars, and "structural" water,

2. In the process of transportation, settling, and filtration of the
fuele there occure a separation of +the microimpurities in accordance with
their chemical composition. The microimpuri<ies saturazted with ash elements
settle gnd ars filtered out in the mesh filters of the sirplanes, The micrO-
impuritjies saturated with tar products and water basically remain in the fusl
in the auspended stats,

3. Into the composition of the tarry part of the microimpurities of the
fuels, along with oxygen compowunds, there go up to 20=——30% of oxidized com-
pourncs containing sulfur,

4., In the process of the filt-ation ~f fuels there occurs a decrease in
the quantity of compounds ocntdning sulfur in the miocroimpurities of tae fuels,

The ocompounds with sulfur in ths fuels are retained in the storage fab-
rio filters and the airplane papsrs filters , for which reason the latter quick~
ly become clogged.

At the fuel storage places the basic amcunt of mioroimpurities o.ntaining
sulfur is held back by the fadbric filters of ths 1lst atep in filtrastien.
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